Aims/hypothesis Women are at higher risk of diabetesrelated cardiovascular complications than men. We tested the hypothesis that there are sex-specific differences in glucometabolic control, and in social and psychological factors. We also examined the influence of these factors on glucometabolic control. Methods We examined 257 (126 men/131 women) consecutive patients (64±9 years, means±SD) of a metropolitan diabetes outpatient service employing clinical testing and standardised psychological questionnaires. Results Mean HbA 1c (7.6±1.2%) was not different between women and men. Women patients on oral hypoglycaemic agents were better informed about diabetes (p=0.012). They employed more strategies for coping with diabetes, including religion (p=0.0001), active coping (p=0.048) and distraction (p=0.007). Women reported lower satisfaction with social support (p=0.034), but not more depression than men. Although no differences were observed in compliance, insulin-treated patients were more satisfied with their therapy (p=0.007). Variables predicting poor metabolic control were different in men (R 2 =0.737, p=0.012) and women (R 2 =0.597, p=0.019). Major predictors of high HbA 1c included depressive coping, lower sexual desire, quality of life and internal locus of control, but high external doctor-related locus of control in women and frequent emotional experiences of hyperglycaemia in men. Conclusions/interpretation Lower quality of life, internal control and socioeconomic status, and higher prevalence of negative emotions probably prevented woman patients from achieving improved glucose control despite their better knowledge of and greater efforts to cope with diabetes. We suggest that women patients would benefit from individualised diabetes care offering social support, whereas men would benefit from knowledge-based diabetes management giving them more informational and instrumental support.
Introduction
Women are at increased risk of diabetes-related cardiovascular complications [1] . Behavioural patterns including less favourable lifestyle account for ∼40% of premature deaths [2] . Again, diabetic women are at a more than 1.5-fold and threefold higher relative risk of a fatal outcome of coronary heart disease than diabetic men and non-diabetic women, respectively [3] .
Despite these striking sex-related differences, the underlying sex-specific aspects of behavioural pattern have not been sufficiently addressed. Studies in diabetic patients have shown that increased systolic BP (SBP), smoking and alcohol consumption seem to be more frequent in men, whereas hyperuricaemia and low habitual physical activity are more common in women [4] . There might also be sex-specific differences in inflammatory and obesity-related markers determining type 2 diabetes risk [4] . Recently, evidence was provided that diabetic women with cardiovascular disease have poorer control of modifiable risk factors and receive less intensified lipid-lowering treatment than men [5] .
Psychological factors have an important impact on therapy adherence and control in chronic diseases. Interestingly, the prevalence of anxiety is almost doubled in type 2 diabetic patients compared with healthy individuals [6] . Depression is twice as common in diabetic patients than in non-diabetic individuals [7] . Elderly, obese women with diabetes-related complications might have lower overall quality of life [7] , which is likely to be related to lower education, income and physical activity in US study cohorts [8] . Detailed information on how sex-specific psychosocial variables impact on metabolic control is not yet available. Although patient-oriented education geared to selfmanagement improves treatment adherence and glycaemic control in patients with type 2 diabetes [9] , it is still unclear whether sex-specific differences affect compliance with diabetes management and/or strategies for coping with the disease, including depressive or active approach, problemoriented behaviour or distraction, and religiosity or wishful thinking [10] .
Thus, the present study tested the hypothesis that sexspecific differences exist in terms of (1) glucometabolic control and (2) social and psychological factors. We also assessed how these factors influence glucometabolic control as measured by HbA 1c in patients of a metropolitan diabetes outpatients' centre.
Methods
Patients and protocol We enrolled 257 consecutive patients who had been seen in the diabetes outpatient clinic at least twice during the preceding 6 months. Further inclusion criteria were 40 to 80 years of age, known type 2 diabetes and the ability to read and fill in all questionnaires. All of the 265 outpatients who fulfilled these criteria and were seen in the centre during a period of 3 months were approached. Only eight patients refused participation because of lack of time or interest in the study. The basic demographics of those who declined were not different from those included in the study. All participants gave written informed consent to the study protocol, which was approved by the institutional ethics boards and performed in accordance with the most recent version of the Declaration of Helsinki.
In addition to the patients' histories, detailed sociodemographic information on marital status, living and job situation, and on the highest level of education was recorded. Diabetes-specific information included known diabetes duration, nutritional habits, frequency of blood glucose self-control, hyperglycaemic/hypoglycaemic events, number of tablets of oral glucose-lowering agents (GLA) or insulin injections per day, attendance of diabetes education courses and hospitalisation. The clinical examination comprised measurements of waist circumference, body height and weight for computation of BMI, and systolic and diastolic BP (DBP) measured at rest in the upright sitting position. Blood was drawn from all participants after 12 h of fasting to measure fasting plasma glucose (FPG), fasting plasma insulin (FPI), C-peptide, HbA 1c , triacylglycerol and total, HDL-and LDL-cholesterol. Thereafter, patients completed a series of psychological questionnaires, which were explained in detail to them by two psychologists who were also available for further explanation, debriefing and monitoring any signs of fatigue. The participants had several hours to complete this task and were given breaks between tests. Anonymity was assured for all data collected and stored.
Laboratory tests and calculations Glucose was measured with the hexokinase method (Abbott Aeroset, Abbott Park, IL, USA), insulin and C-peptide with an immunoluminescence method (DPC/Siemens/Immulite, Flanders, NJ, USA) and HbA 1c by HPLC (Biorad, Hercules, FL, USA). Triacylglycerol, total cholesterol, and HDL-and LDL-cholesterol were assayed using automated routine laboratory methods (LN09D05-01, A1522460; Abbot Aeroset). Fasting insulin sensitivity was assessed from FPI and FPG as the insulin sensitivity check index (QUICKI) using the term 1/(log [FPG]+log[FPI]) [11] . The triacylglycerol:HDL-cholesterol ratio served as a surrogate index of insulin resistance [11] .
Psychological questionnaires Standardised questionnaires were presented to all participants. They were partly developed and validated for diabetic populations and/or are frequently used in diabetic cohorts. All questionnaires were in German and addressed the areas described below.
The tests on knowledge of diabetes and treatment differed between diabetic patients, according to whether they were on GLA [12] or on insulin treatment [13] . The knowledge test for GLA in type 2 patients [12] contains 14 items; the correct answers are counted and the total score varies between 0 and 14. The knowledge test for patients on insulin [13] contains 40 items; here, too, the correct answers are counted, with the total score varying between 0 and 40.
Coping with the disease was measured by the Freiburger Illness Coping Scales (FKV) [14] . This questionnaire consists of 35 items on five factors that represent commonly used strategies for coping with disease: (1) depressive coping style, (2) active, problem-oriented coping, (3) distraction, (4) religiosity and (5) trivialising and wishful thinking. The items are endorsed on a five-point scale from 'not at all-1' to 'always-5', with a score of 25 reachable for each factor.
The Problem Areas in Life with Diabetes (PLD) questionnaire [15] is composed of 18 items, which can be answered on a five-point scale from 'not at all-1' to 'very strong-5'.
Control beliefs related to diabetes were measured by the Diabetes Locus of Control Questionnaire (ICP-D1) [16] . This questionnaire assesses which sources account for the consequences of a specific behaviour and contains 29 items, endorsed on a seven-point scale from 'not at all −3' to 'exactly +3', related to four factors: (1) internality, (2) physician-related externality, (3) unpredictability and (4) chance.
Quality of life was assessed by the German version of the Nottingham Health Profile (NHP) [17] , consisting of 38 items (rated yes or no) that constitute six scales: (1) loss of energy, (2) pain, (3) emotional reactions, (4) sleep, (5) social isolation and (6) physical mobility.
Social support was measured by the Berlin Social Support Scales (BSSS) [10] with 15 items, rated on a fourpoint scale from '1, don't agree' to '4, agree completely', constituting four factors: (1) emotional support, (2) instrumental support, (3) informational support and (4) satisfaction with support.
The Marital Adjustment Scales (MAS) [18] were presented to measure the quality of partnership by a total of nine items. The first item considered happiness ('very happy, 1' to 'very unhappy, 7', where 4 means as happy as most people). The remaining eight items assessed aspects of partnership such as decisions on money, leisure time etc. on a six-point scale from 'we agree on this issue completely 1' to 'we disagree completely 6'.
Satisfaction with therapy was assessed with the Diabetes Treatment Satisfaction Questionnaire (DTSQ) [19] . Six items cover therapy satisfaction and two separate items deal with experience of hypoglycaemia and hyperglycaemia respectively. The items are endorsed on a seven-point scale from 0 ('never') to 6 ('always') and 0 ('dissatisfied') to 6 ('satisfied').
Compliance with treatment was assessed by a single item 'I follow the therapy recommendations' on a five-point rating, ranging from 1 ('absolutely accurate') to 5 ('not at all'). Erectile function was evaluated with a two-item scale testing whether an erection can be achieved and maintained, and the frequency of erections on a five-point rating scale ranging from 1 ('not at all') to 5 ('most of the time'). Sexual desire was treated analogously on a six-point scale ranging from 1 ('no desire') to 6 ('most of the time'). With regard to critical life events, participants were asked to describe these in their own words. Self-constructed items were also used to assess lifestyle factors such as: (1) smoking, which was scored 1 'never smoked', 2 'quitted more than 2 months ago' and 3 'currently smoking'; (2) alcohol drinking (1 'frequently', 2 'seldom or not'); (3) physical exercise (1 'never' to 5 'very often'); and (4) watching television (1 'never' to 5 'very often').
Statistics Mean values are presented as means±SD. Sociodemographic variables were evaluated by analyses of χ 2 tests (e.g. smoking), t tests, Mann-Whitney U test and ANOVA as appropriate. Multivariate three-factorial ANOVA (MANOVA) were calculated in order to control for type I errors. The independent variables were sex (men, women), treatment (GLA, insulin) and age (<65 years, ≥65 years), the dependent variables were the anthropometric and psychological variables. In case of lacking multivariate normality (in terms of type I error rate, there is a general consensus that MANOVA is a robust procedure), significant effects were proven by non-parametric analyses using Mann-Whitney U tests. If no changes in significance were found, MANOVA results of means and SD are reported. The hypothesis that glucometabolic control (HbA 1c ) can be predicted was proven by multiple linear regression analyses separately for men and women. One reason for calculating sex-specific multiple regressions was the assumption that sex-related differences exist in anthropometric and psychological aspects; the second reason was the assumption that there are different predictors for men and women in sexual behaviour, and the fact that these were considered to be important. The model contained sociodemographic (age, sex), disease-specific (treatment, diabetes duration, diabetes education, long-term complications), clinical and anthropometric (BMI, FPG, HDL-cholesterol, LDL-cholesterol, triacylglycerol, SBP, DBP), and psychological (compliance, diabetes knowledge, NHP, ICP-D1, FKV, MAS, BSSS, DSTQ, sexual desire, satisfaction and for men erectile function) variables as predictors. Statistical analyses were performed with SPSS 10.0 for Windows. p values of less than 0.05 were considered to indicate significant differences.
Results
Study population Of the 257 type 2 diabetes patients, 47% (60 men/62 women) were treated with insulin, with 24% of these patients on an intensive regimen with basal and shortacting insulin. The remaining 53% (66/69) were being treated with GLA and were younger than insulin-treated patients (p=0.019) ( Table 1 ). Some 43% (54/56) were younger than 65 years, while 57% (72/75) were at least 65 years old (p=0.986). In the younger group, 51 patients were being treated with insulin and 59 with GLA, whereas in the older group 71 patients were on insulin and 76 on GLA (p=0.785). As expected, the known diabetes duration was longer in insulin-treated and in older patients. Women were less well educated (p=0.0001) and more often homemakers or unemployed than men (p=0.005). They were also more likely to be living alone as singles, divorcees or widows (p=0.012).
Due to the regional structure of diabetes education, patients on insulin had attended more diabetes education courses than those on GLA (2.55 vs 1.59, p<0.01). During the year prior to the study, no differences between men and women were reported concerning perception and experience of hyperglycaemia, as well as numbers of hospital admissions or events of metabolic deterioration. Diabetesrelated complications were present in 130 patients (50%), of which 70 (27%) were on insulin and 60 (23%) on GLA treatment with no significant difference between the sexes.
Anthropometric and metabolic data Anthropometric and metabolic data were compared by MANOVA in relation to sex (men, women), treatment (GLA, insulin) and age (<65, ≥65). The multivariate main effects of sex (F 16,23 =13.64, p<0.001), treatment (F 16,23 =9.15, p<0.001) and age (F 16,23 =2.30, p=0.004), but no interactions showed significant differences. There were only few differences between sex, treatment and age subgroups in anthropometric and metabolic variables ( Table 1) . As expected, women had higher HDL-cholesterol (p=0.01) and lower DBP (p=0.02), but also higher insulin sensitivity as assessed by QUICKI (p=0.04). In women, HbA 1c and BMI tended to be higher, but did not significantly differ compared with men (p=0.07 and 0.08, respectively). Women patients exhibited weak positive relationships of HbA 1c with BMI (r=0.646, p<0.001) and triacylglycerol (r=0.20, p=0.001). Patients on GLA had shorter known diabetes duration (p=<0.001), lower HbA 1c (p=0.001) and FPG (p=0.011) and were more insulin-sensitive (p=0.039). There was a negative relationship between QUICKI and triacylglycerol:HDL-cholesterol ratio (r=−0.238, p<0.01); the triacylglycerol:HDL-cholesterol ratios were not different between the treatment groups. Older patients (≥65 years) had longer known diabetes duration (p<0.001), better HbA 1c (p=0.038) and lower FPG (p=0.046), LDL-cholesterol (p = 0.023), DBP (p = 0.006) and triacylglycerol:HDLcholesterol ratio (p=0.028), but higher HDL-cholesterol (p=0.008) ( Table 1) . Diabetes-related knowledge, psychological and social factors Diabetes knowledge was analysed separately for patients on GLA and insulin. In insulin-treated patients no sex-related differences appeared, whereas women on GLA had better knowledge than men on GLA (p=0.012), particularly regarding nutrition and dietary issues. There were sex-related differences in lifestyle factors. Thus more women patients had never smoked (32% vs 21%) and fewer women were previous smokers (9% vs 20%, p<0.001 each), but no differences were seen with regard to current smoking status (8% vs 10%). Treatmentrelated differences were not noted with regard to smoking, but age-related differences were noted. Fewer younger patients had never smoked (39% vs 63%) and more were still smoking (30% vs 9%, p<0.001 each), whereas the numbers of those who had stopped smoking were comparable (31% vs 29%). More women than men reported no or very rare alcohol consumption (70% vs 47%, p≤0.001) and more women than performed regular physical exercise (20% vs 12%, p<0.001). However, fewer than half the patients worked-out regularly (38% men vs 30% women). Watching television was a frequent leisure activity in all subgroups (mean 3.7 on a scale from 1-never to 5-very often). All these differences occurred independently of treatment regimen and age.
On average, patients reported 1.2±1.0 life events as sources of stress in the year before this study. Younger patients recorded more such events than older patients (1.7 vs 0.9, p<0.001). Psychological test batteries were analysed by MANOVAs; when effects were proven multivariate significant, univariate means were interpreted. Testing PLD and partnership satisfaction (MAS) did not reveal multivariate differences between sex, treatment and age. Coping with the disease indicated multivariate significance for sex (F 5,249 =4.00; p=0.002) in that, regardless of the mode of treatment, women patients used more and different strategies to deal with their diabetes, in particular more religiosity, active coping and distraction (p=0.0001, p=0.048, p=0.007, respectively). No sex-related differences were found for depressive coping, trivialising and wishful thinking efforts. On the other hand, women with type 2 diabetes mellitus tended to express a lower degree of satisfaction with social support in the BSSS (p=0.034; BSSS multivariate: F 4,224 = 2.14, p=0.07). They also tended to rely more on external control provided by their doctor (p=0.057; ICP-D1 multivariate: F 4,250 =2.17, p=0.07) and on unpredictability (p=0.013). Overall, there were no sex-related differences concerning satisfaction with therapy in this type 2 diabetes cohort. Insulin-treated patients presented with higher therapy satisfaction (p=0.007) than patients on GLA. However, compliance with the prescribed therapy was not different across all groups. Sexual desire and sexual satisfaction differed between men and women (p<0.001), as well as between older and younger patients (p<0.001), suggesting more desire in men and younger patients, and more satisfaction in women and older patients. Analysis of sex × treatment interaction displayed higher satisfaction in men on GLA and in women on insulin (p=0.003). Older men reported more erection problems than younger men (p<0.001).
Predictors of metabolic control Even in the absence of major sex-related differences in metabolic and sociopsychological variables in this sample, one might hypothesise that different factors contribute to prediction of glucometabolic control in men and women. Given that erectile problems in men could also be an important aspect of metabolic control, separate multiple regression analyses were performed. We entered all predictors together in the analyses, but also proved outcomes by stepwise multiple regression analyses, which revealed the same results. HbA 1c could be predicted in both (R 2 =0.737, p=0.012) and women (R 2 =0.597, p=0.019), explaining about 73 and 60% of variance respectively, but by a distinct pattern of metabolic and psychological variables ( Table 2) . Against our hypothesis, no sociodemographic variables such as age and diabetes duration reached statistical significance, while anthropometric and clinic variables only did so in women;. In women mainly quality of life (NHP) and locus of control (ICP-D1) were associated with HbA 1c . Long-term complications, BMI and compliance were also positively related to HbA 1c . Lower sexual desire, lower quality of life (NHP: less pain and emotional reactions and more social isolation and insomnia) and depressive coping strategies, as well as less pronounced internal control beliefs and belief in chance were significantly associated with poorer metabolic control ( Table 2) .
In men patients, social support (BSSS) and satisfaction with diabetes treatment (DTSQ) were prominent in predicting metabolic control. High emotional support and both DTSQ items covering experience of hyperglycaemia and hypoglycaemia predicted metabolic control. As expected, fewer hypo-and more hyperglycaemic episodes were associated with higher HbA 1c . Some aspects nearly reached significance. As in women, sexuality was related to HbA 1c and a higher degree of erectile dysfunction was associated with worse metabolic control. Two support scales of the BSSS, namely satisfaction with support and instrumental support, were also negatively related to HbA 1c (Table 2) .
Discussion
This outpatient population was homogenous with regard to anthropometric variables describing an overweight to obese, slightly hypertriacylglycerolaemic and hypertensive cohort. Mean HbA 1c levels of 7.4% in men and 7.7% in women showed that current targets of glycaemic control [20] were not completely met, which probably results from the local patient referral system. The hospital's outpatient service serves as a tertiary care centre dealing mostly with patients who are either considered difficult to treat by their primary or secondary care providers or are only treated for short time periods until targets are reached. Metabolic control was only slightly different between sexes, but tended to be worse in women. Thus, we did not confirm previous studies showing that men have lower HbA 1c levels and/or fewer episodes of ketonuria [21] . Such results were claimed to be a consequence of more intensive care for men [22] .
HbA 1c was related to the degree of insulin resistance and indicators of insulin resistance such as abdominal obesity (waist circumference) and circulating lipids (triacylglycerol, HDL-cholesterol). We confirmed the robust negative correlation between measures of insulin sensitivity (QUICKI, triacylglycerol:HDL-cholesterol ratio) [11] . Interestingly, insulin sensitivity was not different between sexes, although differences in sex hormones, adipocytokines [23, 24] and/or abdominal obesity [25] could lead to sex-specific alterations in insulin signalling and action.
Only a few previous studies have addressed sex-specific aspects of quality of care [26] . Here we report slightly lower DBP and higher HDL-cholesterol in women with type 2 diabetes, whereas other cardiovascular risk factors were identical in both sexes. Previous studies have found worse BP control, higher SBP [22] and higher LDLcholesterol in women patients [26] . It has therefore been suggested that women might be receiving lower-quality treatment [27] , possibly contributing to their excess cardiovascular morbidity and mortality rates [3, 28] . However, we detected only minor, clinically irrelevant changes in cardiovascular risk factors and no differences in diabetes-related complications between men and women.
This study further analysed clinical and psychological variables that have been suggested to affect HbA 1c and quality of life [7] . Despite similar metabolic control, women patients on GLA proved to have more knowledge of diabetes than men treated with GLA. Likewise, insulin-treated men and women patients had higher HbA 1c values, although they had attended more diabetes education training sessions than patients on GLA. This clearly indicates that disease-specific knowledge is neither the only, nor even the major factor defining glucometabolic control. Other [29] , but not all studies [12, 30] have also failed to find a relationship between diabetes knowledge and metabolic control. Of note, these studies do not justify negating the use of basic knowledge about diabetes care or the necessity of diabetes education, which are also intended to improve the patient's motivation to comply with treatment regimens.
Women patients used more and different strategies for coping with their disease, but claimed less satisfaction with social support. In addition, the women in the present study more frequently lived alone and had lower socioeconomic status than the men. Because the sex distribution was nearly identical between the age groups, this finding cannot be explained by an age effect. Positive social support, particularly by the spouse, was found to improve glycaemic control and better adaptation to the disease [31] . In our study, however, too much emotional support for men seemed to be associated with worse glycaemic control. Our women patients also tended to have more negative perceptions and emotions, which is in line with studies reporting a two-to threefold increased prevalence of depression in women compared with men patients [7, 26] . Depression not only increases the burden of disease and independently impairs quality of life, but also contributes to increased mortality rates in type 2 diabetes [32] . Taken together, it is tempting to speculate that the lower degree of social support, quality of life and socioeconomic status, as well as the increased prevalence of symptoms of anxiety and depression might have prevented the women patients from achieving improved glucose control despite having better diabetes-specific knowledge and coping efforts than men.
The prediction of insufficient glucometabolic control as assessed by HbA 1c reflected many aspects of the findings discussed above. Social isolation, reduced sexual desire, insomnia and depressive coping strategies were strong predictors of high HbA 1c in women. Interestingly, high selfrated therapy adherence and dependence on doctor's control also related to poorer metabolic control in women. This is partly in contrast to suggestions of lower compliance at least in insulin-treated women patients [33] . We did not note any sex-, treatment-or age-related differences in compliance and satisfaction with diabetes therapy and management.
Perception and experience of hyperglycaemia, as well as the number of hospital admissions or episodes of metabolic deterioration were not different between sexes, a finding which is similar to reports on hospital admissions for uncontrolled diabetes [34] . Another study found higher frequencies of diabetes-related admissions in men than in women, which they explained by variances in care-seeking behaviour [35] . In our men patients, the number of hyperglycaemic and hypoglycaemic experiences was among the best predictors of glucometabolic control. This finding indicates that self-perception and blood glucose reporting seemed to be adequate in our male cohort. Aside from emotional support, other factors were only weak predictors of HbA 1c in men. Erectile dysfunction also tended to relate to metabolic control. Men displayed stronger sexual desire and activity, and less satisfaction with their sex life than women, which has been discussed elsewhere in detail [36] . Interestingly, impaired glucose control may initiate a vicious circle leading to erectile dysfunction, which in turn could cause negative emotions, thereby further impairing glucose control.
There are some limitations to this study. Thus the data cannot be extrapolated to patients treated in primary or secondary care settings, because the hospital's outpatient service serves as a tertiary care centre. Thus, the population consists of referral patients, mostly patients considered difficult to treat by their primary or secondary care providers, or patients only treated for a short time period within the centre until treatment targets are achieved. Consequently, the results cannot be extrapolated to general populations. Furthermore, the conclusions are restricted to patients with reasonable attendance records and the ability to fill in questionnaires. Individuals less compliant with treatment and lifestyle modifications are also less likely to be included in such studies. The overall number of participants could be considered rather low, but this is counterbalanced by the homogeneity of the study population with regard to social background and by the extensive socio-psychological testing.
Conclusion
Patients with type 2 diabetes mellitus from a metropolitan diabetes outpatient service exhibited only minor sexspecific differences in control of metabolic variables and cardiovascular risk factors. However, individual coping with the disease was clearly different between both sexes. Women reported more negative emotions and impaired quality of life, but showed more efforts to deal with their disease. They trusted in their doctor's support, while at the same time being more likely to experience their disease as unforeseeable. Thus, women patients could benefit both from support of their willingness to influence their diabetes and from more individualised diabetes care. On the other hand, men are more satisfied with their social support, but could benefit from intensified education courses focusing on diabetes-related knowledge. Based on these results and conclusions, sex-specific strategies need to be tested in order to improve diabetes management.
